A story of a building may collapse due to excessive column inclination caused by thermal elongation of connecting steel beams during fire. However, thermal elongation of steel beams is not investigated fully. It can be thought that the thermal elongation is restrained by the rigidity of adjacent members. Their restrain effects are modeled by a spring at the end of the heated beam. From the consideration of full scale fire furnace tests of steel beams which were constrained by the RC slab, it can be assumed that the constraining effect of the RC slab is presented by its bending stiffness. Furthermore, the stiffness reduction can be indicated by an exponential equation. This study indicates that the thermal elongation of steel beams can be predicted accurately by the simple theoretical formula for the performance based fire engineering design. A story of a building may collapse due to excessive column inclination caused by thermal elongation of connecting steel beams during fire. However, thermal elongation of steel beams is not investigated fully. It can be thought that the thermal elongation is restrained by the rigidity of adjacent members. Their restrain effects are modeled by a spring at the end of the heated beam. From the consideration of full scale fire furnace tests of steel beams which were constrained by the RC slab, it can be assumed that the constraining effect of the RC slab is presented by its bending stiffness. Furthermore, the stiffness reduction can be indicated by an exponential equation. This study indicates that the thermal elongation of steel beams can be predicted accurately by the simple theoretical formula for the performance based fire engineering design.
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A story of a building may collapse due to excessive column inclination caused by thermal elongation of connecting steel beams during fire. However, thermal elongation of steel beams is not investigated fully. It can be thought that the thermal elongation is restrained by the rigidity of adjacent members. Their restrain effects are modeled by a spring at the end of the heated beam. From the consideration of full scale fire furnace tests of steel beams which were constrained by the RC slab, it can be assumed that the constraining effect of the RC slab is presented by its bending stiffness. Furthermore, the stiffness reduction can be indicated by an exponential equation. This study indicates that the thermal elongation of steel beams can be predicted accurately by the simple theoretical formula for the performance based fire engineering design. (5)
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3. RC A story of a building may collapse due to excessive column inclination caused by thermal elongation of connecting steel beams during fire. However, thermal elongation of steel beams is not investigated fully. Therefore, the performance based fire design in Japan requires that the rotation angle of a column must be less than one-fiftieth of the story height. It is expected that the thermal elongation of the steel beam is constrained by the rigidity of adjacent structural members. For example, there are the bending rigidity of columns and transverse beams which are directly connected to the heated beam and the rigidity of adjacent frames which are connected by the RC slab.
Assuming that rigidities of adjacent structural members are modeled by a spring at the end of the heated beam, the thermal elongation can be calculated by simple theoretical formula. When the local buckling of the heated beam is not considered, the thermal elongation is the result of superposition of the thermal strain and compressive strain. However, it has been revealed that the suppressive effect of adjacent frames greatly depends on the reduction of the in-plane stiffness of RC slab by our past study. This study focuses on the suppressive effect of the RC slabs to thermal elongation of steel beams during fire for two main purposes. One of the purposes is to propose the evaluation method of the in-plane stiffness of the RC slab at high temperature. The other is to propose the prediction method of the thermal elongation of a steel beam in the performance based fire design.
When the RC slab is not constrained, it can expand freely during fire. In this study, it is suggested that when the thermal elongation of the RC slab is greater than the thermal elongation of the steel beam, the RC slab pulls the steel beam. As result, the steel beam elongates more than the case of free expansion. Generally, it is thought that the vertical displacement of the heated beam reduces the elongation. However, it is suggested that the reduction effect of the vertical displacement to the thermal elongation is very small.
This study assumes that the constraining effect of the RC slab is presented by its bending stiffness. The bending stiffness obtained from test results is very smaller than the elastic bending stiffness during the early time of the test. It is predicted that the stiffness reduction is occurred by cracks. Furthermore, the stiffness reduction can be indicated by an exponential equation of the value which is product of the temperature at the top flange and the area of the top flange.
In addition, this study suggests the conception of the simple method for evaluating the thermal elongation of the steel beam during fire in the actual building. Assuming that the total stiffness that added up rigidities of adjacent structural members is modeled at the end of the heated beam, the thermal elongation of the steel beam may be calculated by the simple formula. Although, only the bending stiffness of RC slab is considered in this study, this simple formula can reproduce test results accurately. 
EVALUATION METHOD FOR THERMAL ELONGATION OF STEEL BEAMS AND IN-PLANE STIFFNESS REDUCTION OF RC SLAB DURING FIRE
